Abstract: An Increasing body of evidence suggests that cannabinoids have beneficial effects on the symptoms of multiple sclerosis, including spasticity and pain. Endogenous molecules with cannabinoid-like activity, such as the "endocannabinoids", have been shown to mimic the anti-inflammatory properties of cannabinoids through the cannabinoid receptors. Several studies suggest that cannabinoids and endocannabinoids may have a key role in the pathogenesis and therapy of multiple sclerosis. Indeed, they can down regulate the production of pathogenic T helper 1-associated cytokines enhancing the production of T helper 2-associated protective cytokines. A shift towards T helper 2 has been associated with therapeutic benefit in multiple sclerosis. In addition, cannabinoids exert a neuromodulatory effect on neurotransmitters and hormones involved in the neurodegenerative phase of the disease. In vivo studies using mice with experimental allergic encephalomyelitis, an animal model of multiple sclerosis, suggest that the increase of the circulating levels of endocannabinoids might have a therapeutic effect, and that agonists of endocannabinoids with low psychoactive effects could open new strategies for the treatment of multiple sclerosis.
Multiple sclerosis (MS) is one of the most common chronic and disabling disorders of the central nervous system (CNS) caused by demyelination (loss of insulating sheath) of nerve fibres. The disease usually begins in young adulthood and affects women more frequently than men (2:1). Common symptoms include fatigue, balance problems, muscle weakness, incontinence, muscle spasm, pain and tremor. Clinical studies indicate that MS is characterised by at least two distinct phases, one that is dominated by acute relapses and one by steady progression. Both genetic and environmental factors seem to contribute synergistically to the manifestation and progression of the disease. MS usually starts with a relapsing-remitting course (RR-MS); over time, the number of relapses decreases, and most patients develop progressive neurological deficits that occur independently of relapses (the so-called secondary progressive phase). In few cases, MS begins with a primary progressive course (PP-MS) without acute relapses. In general, the progression rate in RR-MS is comparable to that of PP-MS as soon as the patients enter the secondary progressive phase [1] . CNS lesions, frequently detected in RR-MS phase [2] , are usually located in areas of white matter, and are often characterised by a disturbance of the blood-brain barrier, local oedema and demyelination, features that are compatible with an inflammatory process, while in PP-MS, such inflammatory activity is much less conspicuous [2] . Global brain atrophy, however, is more dominant in the progressive stage and seems to correlate with disability [3, 4] . These findings indicate that early in the disease, ongoing inflammatory *Address correspondence to the authors at the Dipartimento di Scienze Farmaceutiche, Universita' di Salerno, Via Ponte don Melillo 84084 Fisciano (Salerno), Italy; Tel: 39-089/962516; Fax: 39-089/962828; E-mail: maubiful@unina.it activity is present in most patients and is responsible for the relapsing-remitting course, whereas a distinct process might be operative in the progressive phase of the disease, when inflammatory activity diminishes despite faster evolution of disability.
Histological hallmarks of active MS include infiltrations of T cells, macrophages, and B cells, degradation of myelin, and, to a lesser extent, axons, and reactive changes of astrocytes and microglia [5] . Autoimmunity is thought to drive the development of inflammatory lesions that induce the primary demyelination, which results in the inhibition of normal neurotransmission [6] . Current treatment of MS is based on anti-inflammatory, immunosuppressive and immunomodulatory drugs, but usually the therapy is partially effective and with risks of side effects that patients are often unable to tolerate. This has led some multiple sclerosis patients to self-medicate with cannabis, which is suggested by anecdotal evidence to be beneficial in controlling symptoms such as spasticity, pain, tremor and bladder dysfunction.
Cannabis contains a series of compounds, but it has been found that the major psychoactive ingredient is 9 tetrahydrocannabinol (THC) [7] . Two selective cannabinoid receptor subtypes have been identified so far [8, 9] , CB1 and CB2, that are expressed in nervous and peripheral cells. THC mediates the majority of its activities through stimulation of cannabinoid receptors CB1, which are expressed throughout the CNS [10, 11] . Following the discovery of the receptors, fatty acid endogenous ligands, such as anandamide and 2-arachidonoyl glycerol (2-AG), have been discovered in mammalian and human nervous tissues [12] [13] [14] , and a degradation system including a re-uptake mechanism and hydrolytic enzymes has been identified [12, 13, 15, 16] . The cannabinoid system functions to regulate synaptic neurotransmission [17, 18] and tonically controls clinical signs such as spasticity and tremor that develop in murine models of MS [19, 20] . This provides objective evidence to support the claims of multiple sclerosis patients that cannabis may have a benefit in symptom management [21] , a claim further supported by some recent clinical trials of medical cannabis extracts [22] [23] [24] . There is in vitro evidence showing that cannabinoids can also regulate glutamate release, oxidant free radicals and calcium influxes [25, 26, 17, 11] , which, in excess, can cause neuronal death in neuroinflammatory disease [27] [28] [29] . The lack of specificity of all available cannabinoid reagents [11] suggests the possibility of additional CB-like receptors [30] [31] [32] . Genedeleted transgenic mice [33, 34] provide powerful tools to definitively investigate the potential role of the cannabinoid system in neuroprotection.
Recent studies have suggested that cannabinoid-based treatments may be beneficial in a wide number of diseases. The pharmacological activity of anandamide and 2-AG has been thoroughly examined and shown to be similar to that of some psychotropic plant cannabinoids, namely THC [35] [36] [37] . In particular, they have been found to exert a neuromodulatory effect [38] on the synthesis, release and action of neurotransmitters. Some of these neurotransmitters, e.g. dopamine, -aminobutyric acid and glutamate, have been recently implicated in the genesis of experimental autoimmune encephalomyelitis (EAE) [39, 40, 27] , an animal model of inflammatory disease of the CNS myelin. EAE is induced by immunization of susceptible animals with myelin antigens and freund's adjuvant [41] and reproduces the features of MS in rodents. Several research groups suggest that both cannabinoids and ECs modulate the levels and action of several of these mediators. Cannabinoids and ECs may play a pivotal role in the pathogenesis of MS, probably through the cannabinoid receptors CB1 and CB2. The target of the inflammatory response in MS is myelin and the myelin producing cells, such as the oligodendrocytes. Infiltration of activated immune cells and recruitment of endogenous glial cells lead to the destruction of myelin and oligodendrocytes through the release of pro-inflammatory cytokines (Fig. 1) by the former cells and subsequent disruption of the blood-brain barrier permeability [42] . In fact, recent studies suggested that cytokines play a crucial role in the clinical course of EAE and MS. With the introduction of T-cell cloning technology, it was possible to show that in EAE, T helper (Th) 1 cytokines such as interferon-(IFN-), tumour necrosis factor-(TNF-), and interleukin 2 (IL-2), were more likely to transfer the disease than other myelin-specific T cells [43] . By contrast, T cells that secreted IL-4, IL-5, IL-10 and IL-13 seem to protect animals from the disease [44] . Further support that the disease results from a Th1-driven immune process was provided by a clinical trial showing that administration of the Th1 cytokine IFN-exacerbates MS [45] . On the basis of these findings, it is widely accepted that EAE, a prototypic autoimmune disorder, is caused by a Th1 cell response to myelin antigens.
CANNABINOIDS AND IMMUNE CELLS
The effect of cannabimimetic agents on the function of immune cells such as T and B lymphocytes, natural killer cells and macrophages has been extensively studied over the past several decades using human and animal paradigms, involving whole animal models as well as tissue culture systems. These drugs have subtle complex effects on immune cell function and some of the drug activity is mediated by cannabinoid receptors expressed on the various immune cell subtypes. It is known that CB1 mRNA levels varied among cell subpopulations. In human peripheral blood mononuclear cells (PBMC), the mRNA was reported to be most abundant in B cells, and the rank order was B cells > NK cells > polymorphonuclear neutrophils (PMNs) > CD8 cells > monocytes > CD4 cells [46] . CB1 mRNA levels also varied in mouse immune subpopulation, and consistent with human cells, splenic B cells expressed more mRNA than macrophages or T cells [47] [48] [49] . CB2 mRNA expression in PBMC was in the rank order of B cells > natural killer (NK) cells > monocytes > PMNs > T cells. Many studies suggested that CB2 mRNA was expressed primarily in immune cells but not in brain and that it was most abundant in B cells [48, [50] [51] [52] . The high expression of CB2 receptors in B cells and natural killer cells suggests that this subtype contributes to the potential immunosuppressant and antiinflammatory effects of cannabinoids [53] . It was shown that treatment of mice and rats with THC or treatment of immune cells cultures from humans and rodents has, for the most part, a suppressive effect on T and B cells, NK cells, and macrophages. Various functions from cytotoxic T cells killing to antibody production by B cells, and to phagocytosis and killing by macrophages have been studied. Most functions were suppressed by drug treatment, and the effective drug concentrations in vitro were in the M range. As this concentration range was higher than the reported receptor affinities, it was concluded by many authors that non-specific effects of these lipophilic drugs on cell membranes primarily mediated the effects of cannabinoids on immune cell function. In murine studies, cannabinoids were reported to down regulate the production of T helper 1 (Th1)-associated cytokines, and increase the production of T helper 2 (Th2)-associated cytokines [54] [55] [56] [57] [58] . A polarisation of T cell response towards a Th2 phenotype has been associated with therapeutic benefit in MS, while a shift towards Th1 has been associated with disease progression [59] . It was shown that THC injection in mice infected with Legionella pneumophila, suppressed Th1 immunity by inhibiting the production of IFN-and IL-12 as well as the expression of IL-12 receptors, and in addition, drug treatment increased the expression of Th2 promoting cytokine, IL-4 [55] . A similar shift to Th2 cytokines was demonstrated in response to THC in activated peripheral blood T cell cultures [61] . In drug treated cultures, proliferation was inhibited along with Th1 cytokines; Th2 cytokines were increased, and the CB2 antagonist inhibited the effects [61] . There is ample evidence that cannabinoids can modulate the development of Th, thus it is possible that CB1 and CB2 may be differentially expressed on different subpopulations of Th cells. This selective expression could lead to an increase in Th2 development and a decrease in the development of Th1 cells, resulting in decreased cellmediate immunity and increased antibody immunity. Further research on the function and distribution of cannabinoid receptors as well as the production of endocannabinoids by different immune cells will provide greater insight into these mechanisms.
CYTOKINES, INFLAMMATORY MEDIATORS AND CANNABINOIDS
IL-6 is an important mediator of inflammatory and immune responses in the periphery, and induces growth and differentiation of cells in the immune and haematopoietic systems. IL-6 is also produced within the CNS and is involved in cell-cell signalling, coordination of neuroimmune responses, protection of neurons and neuronal differentiation, growth and survival. IL-6 plays an important role in both physiological and path physiological processes in the CNS. IL-6 is one of the several cytokines upregulated in blood mononuclear cells and, particularly, in the cerebrospinal fluid (CSF) of patients with MS [61] . The EC anandamide enhances IL-6 production by astrocytes in a concentration-dependent manner in an MS model, the Theiler's Murine Encephalomyelitis virus (TMEV) infection. SR141716A, a potent and selective antagonist of the CB1 cannabinoid receptor, blocks the enhancing effects on IL-6 release, thus suggesting a cannabinoid receptor-mediated pathway [62] . Very recent reports strongly suggest a TNFpathogenic role in demyelination in human MS [63] . Cannabinoids inhibit LPS-induced TNF-mRNA in rat microglial cells [64] and in human peripheral blood mononuclear cells [65] . HU-211, a synthetic cannabinoid, also suppresses TNFproduction in the brain and peripheral blood in rodents with EAE ( Fig. 1) [66] .
Nitric oxide (NO) is a short-lived mediator produced by both the isoforms of nitric oxide synthase (NOS), the constitutive (cNOS) and the inducible one (iNOS) found primarily in neurons [67] and astroglial cells [68] . NO generated by iNOS in nanomolar amounts under pathological conditions is a cytotoxic mediator involved in several CNS disorders, including inflammatory, infectious, traumatic and degenerative disease [69, 70] . Excessive release of NO via induction of iNOS has been postulated to elicit immune-mediated neurodegenerative inflammatory processes and to cause brain injury in the pathogenesis of MS (Fig. 1) [71, 72] . It is reported that anandamide inhibits nitric oxide (NO) and TNF-production by astrocytes stimulated with lipopolysaccharide (LPS) or infected with TMEV [73] . Cannabinoids inhibit NO production by rat microglial cells [74] and LPS-activated mouse macrophages (Fig. 1 ) [75, 76] . Inhibiting iNOS expression and NO overproduction in glial cells might be helpful in NOmediated inflammation leading to neurodegeneration.
H O R M O N E S , N E U R O T R O P H I N S A N D CANNABINOIDS
Prolactin (PRL) is a mammotropic neuropeptide produced by pituitary and extra-pituitary cells. The secretion of pituitary PRL is under hypothalamic control. The cytokines IL-1, IL-2, and IL-6 stimulate the production of PRL, while IFN-and endothelin-3 are inhibitory. PRL exerts its effects through the PRL receptors (PRLr), which exist as three isoforms. PRL has potent immunomodulatory effects and is structurally related to members of the cytokine/haematopoietic family, while the PRLr is a member of the cytokine/haematopoietic receptor family. Perturbations of PRL physiology have significant immunological effects. Hyper-prolactinemia enhances susceptibility to MS [77] . Before the onset and during EAE, PRL levels were elevated compared with the controls. Accordingly, patients with MS have significantly higher PRL levels than healthy volunteers (Fig. 1) [78] . Recent data support the concept that the immune system is exposed to a broad framework of regulation, including neuroendocrine control. Interfering with secretion of PRL and glucocorticoids has consistently resulted in a reduction of clinical and pathological manifestations of MS [79] . Previously, it was shown that THC administered into the third cerebral ventricle of male rats lowered plasma PRL concentrations (Fig. 1) [80] . This effect was exerted within the CNS, as THC did not alter the basal and thyroidstimulating hormone (TSH)-releasing hormone-induced release of PRL from cultured anterior pituitary (AP) cells [80] . Anandamide and cannabinoids inhibit PRL secretion from the pituitary (Fig. 1 ) [80] [81] [82] . The study of the relationship among the PRL/PRLr complex, cannabinoids, and the immune system may provide further insights into the potential therapeutic utility of this complex in the treatment of MS.
Leptin is classically considered a hormone through which the hypothalamus senses nutritional state and regulates the balance between food intake and energy expenditure, signalling to the brain the changes in stored energy. Leptin reduces food intake by upregulating appetite-reducing neuropeptides [83, 84] and down-regulating appetitestimulating factor [85] . Recent evidence has suggested that leptin is involved in autoimmune disease susceptibility. It is known that myelin-reactive Th1 CD4+ cells induce and /or transfer disease and that Th1 cytokines are present in inflammatory EAE lesions in the central nervous system. In contrast, Th2 cytokines are absent and their increase is associated with recovery from EAE or protection from the disease [86] . Leptin is involved in both the induction and progression of EAE in mice [87] . Analysis of the disease susceptibility in naturally leptin-deficient (ob/ob) mice before leptin replacement revealed resistance to both active and adoptive EAE that was reversed by leptin administration [87] . Leptin replacement converted Th2-to Th1-type response and shifted IgG antibodies from IgG1 to IgG2a. In addition, leptin administration to susceptible wild-type C57BL/6 J mice worsened the disease by increasing proinflammatory cytokine release and Ig2a production. In addition, it has also been recently observed that a serum leptin surge precedes the onset of EAE in susceptible strain of mice. This peak in serum leptin is correlated with inflammatory anorexia, weight loss, and the development of a pathogenic T cell response against myelin [88] . In animals with EAE, inflammatory brain infiltrates have also been shown to be a source of leptin, attesting to an in situ leptin production in active lesions. Systemic and / or in situ leptin secretion was not observed in EAE-resistant mice. Taken together, these data show an involvement of leptin in the pathogenesis of central nervous system autoimmunity (Fig.  1) . CB1 receptors and the endocannabinoids anandamide and 2-AG are present in the hypothalamus [89] , and anandamide [90, 91] stimulates food intake, that is reduced by SR141716A in wild-type mice but not knockout mice [92] . Defective leptin signalling is associated with elevated hypothalamus, but not cerebellar levels of endocannabinoids in obese (db/db) and ob/ob mice. Acute leptin treatment of o b / o b mice reduces anandamide and 2-AG in the hypothalamus [92] . These findings indicate that endocannabinoids in the hypothalamus may tonically activate CB1 receptors to maintain food intake. Furthermore, physiological concentrations of leptin stimulate the activity of the endocannabinoid-degrading enzyme anandamide hydrolase (fatty acid amide hydrolase, FAAH) in human T lymphocytes. Peripheral lymphocytes of leptin knock-out (ob/ob) mice showed decreased FAAH activity and expression, which were reversed to control levels by exogenous leptin [93] . These results suggest that leptin enhances FAAH expression, thus tuning the immunomodulatory effects of anandamide. The study of the correlation between anandamide and leptin through modulation of circulating leptin levels might be a possible strategy to prevent and eventually treat EAE or other autoimmune diseases.
The neurotrophin nerve growth factor (NGF) is a pivotal molecule in processes that result in an inflammatory hyperalgesia [94, 95] . NGF can also activate neuroimmune systems recognised as cardinal to the inflammatory process [94] . Anandamide and palmitoylethanolamide (PEA) attenuate an NGF-induced hyperalgesia [96] . Such activity is clinically relevant, because currently available nonsteroidal antiinflammatory drugs are ineffective in this model of inflammatory pain [97] . Anandamide is likely to act on neurons expressing CB 1 receptors. Although the effect of PEA is sensitive to the CB 2 receptor antagonist SR144528, the lack of affinity of PEA for the CB 2 receptor obscures the site of action. Furthermore, the efficacy of PEA in the reduction of hyperalgesia offers neuroimmune modulation as a potential site for the development of other novel therapeutic agents devoid of central nervous systemmediated side effects. One of the early symptoms of demyelinating diseases is the altered level of nerve growth factor (NGF). Increase of NGF was found in the optic nerves [98] , and in CSF of patients with MS. In rats affected by EAE, the brain tissues contain elevated levels of NGF [99] ; furthermore, astrocytes and oligodendrocytes localised in the white matter overexpress NGF mRNA and produce NGF [100] . NGF can act on immune cells through its binding to low affinity NGF receptor and may play an important role in leukocyte-endothelial cell interactions [101] . However, the pathological role of NGF during demyelinating disorders remains to be defined. The study of the relationships among NGF receptors and cannabinoids may provide further insights into the potential therapeutic utility of these substances in the treatment of MS.
THERAPY OF EAE AND CANNABINOIDS
Baker and co-workers using mice with chronic relapsing experimental allergic encephalomyelitis (CREAE), an animal model of MS, have recently presented evidence that both exogenous and endogenous cannabinoids, via cannabinoid receptors, alleviate spasticity and tremors [19] . Intravenous administration of THC and also R (+)-WIN552122, a potent synthetic agonist of CB1 and CB2, rapidly decreased both the frequency and amplitude of tremors in limbs and hindlimb spasticity of mice with this disease. Two lines of evidence suggest that these two beneficial effects are mediated by cannabinoid receptors. Firstly, the S (-)-enantiomer of WIN552122, and cannabidiol, which are both very weak agonists of CB1 and CB2 receptors, did not reduce spasticity. Secondly, SR141716A, which is a selective CB1 receptor antagonist, and SR144528, which is a selective CB2 receptor antagonist, prevented R (1)-WIN552122 from inhibiting tremor. These findings are very important because they may lead to novel strategies for the treatment of MS-induced tremor and spasticity, for which no efficacious remedy has yet been developed. A crucial point that deserves further investigation, at least if therapeutic applications are to be developed, is the full assessment of the possible psychotropic side effects of intravenous administration of cannabinoids. Methanandamide, a CB1-receptor-selective and metabolically stable analogue of the endocannabinoid anandamide [102] , was almost as potent as R (1)-WIN552122 against hindlimb spasticity in mice with CREAE. This finding implies that drugs based on endocannabinoids, which have been reported to have very low potential for physical dependence [103] , could also be used in the treatment of MS-induced spasticity. Another nonpsychoactive endogenous compound, the anti-inflammatory mediator PEA [104] , also induced a significant, albeit transient inhibition of spasticity [19] , however, the mechanism of action of this compound, which does not bind appreciably to CB1 or CB2 receptors, is still a matter of speculation [104] . SR141716A and with less potency SR144528, produced a significant worsening of both tremors and spasticity of hind limbs and tail of CREAE mice [19] . This finding led the authors to raise the possibility that endocannabinoids such as anandamide and 2-AG [102] , might be produced during CREAE in an attempt to compensate for the spastic defect. It was shown [20] that in normal ABH mice, whole brains and spinal cords contained similar levels of AEA, 2-AG and PEA. There was a modest increase of AEA in spastic brains compared with levels in normal brains. However, there was a marked increase of AEA, 2-AG and PEA within the spinal cord of spastic mice in comparison with normal animals. On the basis of these findings, it was suggested that augmenting the levels of endogenous AEA might have a therapeutic effect, as exogenously applied and naturally occurring cannabimimetic metabolites, in particular AEA, can limit spasticity. Furthermore, the blockade of degradation with specific inhibitors may represent an alternative to increase the bioavailability of the endocannabinoids. Spasticity could be ameliorated by injection (10 mg/kg i.v.) of either the competitive re-uptake inhibitor AM404 [105] or the selective FAAH inhibitor, AM374 [106] , both of which have been shown to enhance AEA neuromodulatory actions [105] . These compounds have very low affinity for cannabinoid receptors [105, 106] . The anti-spastic effect of AM374 (1 mg/kg i.v.) was blocked by cannabinoid receptor antagonists (SR141716A and SR144465, both 5 mg/kg i.v.) administered 20 min prior to AM374. These findings suggest that the inhibitory effect on spasticity by AM374, which does not directly activate CB receptors [106] , is due to enhancement of endocannabinoid levels and subsequent stimulation of CB receptors. Both AEA and AM404 may also behave as vanilloid receptor (TRPV1) agonists [107] [108] [109] , but the role of TRPV1, if any, in control of spasticity is yet to be demonstrated. The extremely selective anandamide transporter inhibitor VDM11 (10 mg/kg i.v.), which has essentially no CB or TRPV1 agonist activity [110] , exerts a similar inhibition of spasticity. This finding furthermore supports the hypothesis that endocannabinoids mediate control of spasticity via CB receptors. It was observed that agonists of TRPV1 reduce bladder hyper-reactivity in MS [111] and have a modest anti-spastic effect in EAE mice, while a substantial effect was obtained with arvanil, a synthetic compound that can activate both CB1 and TRPV1 receptors [112] . This effect persists using antagonists of CB1 and TRPV1 and in CB1 knockout EAE mice. According to Suppress T cell proliferation, IFN-production, shift the balance of Th1 / Th2 cytokines [55, 61] CANNABIDIOL No effect [19] Increase IL-12 and decrease IL-10 production of murine macrophages [115] Synthetic cannabinoids
No effect [19] ARVANIL [120] Induces apoptosis in Jurkat cells [116] Endogenous cannabinoids ANADAMIDE [20] Immuno-regulatory effect on mitogen-induced T and B human lymphocyte proliferation [117] 2-AG [20] Dose-related inhibition of T and B cells proliferation [118] PEA [20] Increase AEA-induced microglial cell migration, without affecting other steps of microglial activation, such as proliferation, particle engulfment, and nitric oxide production [119] Antagonists SR141716A [19] SR144528 [19] Inhibitors of anandamide inactivation AM404 [20] AM347 [20] Inhibitors of anandamide transporter VDM11 [20] : reduction of spasticity, : increase of spasticity, 1: transient inhibition of spasticity. Antagonists SR141716A Antagonist [132] No activity [132] SR144528 No activity [133] Antagonist [133] Inhibitors of anandamide inactivation
AM404
No activity [105] No activity [105] Partial agonist a [127] AM347 No activity [106] No activity [106] Inhibitors of anandamide transporter
VDM11
No activity [110] No activity [110] No activity [110] a: Methanandamide and AM404 were less potent than AEA at activating VR1, but they are partial agonists when compared with capsaicin. b: endocannabinoid and vanilloid hybrid.
these experimental findings, it can be suggested that the antispastic effect of arvanil can be independent from CB1, CB2 or TRPV1 receptors and mediated by a different site of action. In addition, recent results from our group (see footnote) show that arvanil inhibits cell proliferation and does not induce apoptosis, an effect that is accompanied by decreased levels of IFN-. Furthermore, in vivo arvanil ameliorates the clinical course of the disease in EAE mice. In Table 1 are summarised the effects of cannabinoid compounds on spasticity and immunity. In Table 2 , we reported the cannabinoid and vanilloid receptor activity of cannabinoid compounds. Further studies can be useful to address if synthetic molecules designed on EC, like arvanil, can improve the disease course in the same animal model. The manipulation of ECs may minimise some of the undesired psychoactive effects associated with CB1 agonism and may have implications for symptom control in MS, opening wider horizons for therapeutic intervention against MS [113, 114] .
CONCLUDING REMARKS
There is increasing effort to define the mechanism of the brain-immune interactions. The "immunocannabinoid" system of receptors and endogenous ligands appears to be involved in the modulation of immune and brain system, thus orchestrating the regulation of immunity and chronic inflammatory diseases of the brain. CB1 receptor is expressed in CNS, while CB2 receptor is particularly abundant in immune tissues. Human blood cells express mainly CB2 receptors and most probably CB1 receptors, but considerable work is needed to clarify the distributions of these receptors among the various immune subpopulations. The alteration of various factors can exert a pathogenic role in demyelination in MS. Cytokines, inflammatory mediators, hormones, and neurotrophins are involved in MS susceptibility. Th1 cytokines, and excessive levels of NO, PRL, leptin, and NGF are associated with multiple sclerosis progression.
The image of endocannabinoid system summarised in this review is that of a promising model for the therapy of MS. Cannabinoids and endocannabinoids have been reported to decrease Th1 immunity and inhibit NO, hormones and NGF. In vivo, cannabinoids reduce spasticity and pain in EAE models, and increased levels of endocannabinoids are observed during the disease. Exogenously administrated endocannabinoids can limit spasticity, thus suggesting that increasing endocannabinoid levels might represent a therapeutic intervention in MS. The limits to the use of cannabimimetic drugs in MS therapy are associated with their psychoactive effects. The development of new synthetic endocannabinoids could represent an alternative strategy that minimising psychotropic sideeffects could lead to new therapies for the treatment of MS. 
